



Abstract—Introduction: The application of fissure sealants is 
considered to be an important primary prevention method used in 
dental medicine. However, one of the most common reasons of dental 
caries development in teeth with fissure sealants is due to the 
formation of microleakages. The association between various dental 
biomaterials may limit the major disadvantages and limitations of 
biomaterials functioning in a complementary manner. The present 
study consists in the incorporation of a cariostatic agent – silver 
diamine fluoride (SDF) – in a resin-based fissure sealant followed by 
the study of release kinetics by spectrophotometry analysis of the 
association between both biomaterials and assessment of the 
inhibitory effect on the growth of the reference bacterial strain 
Streptococcus mutans (S. mutans) in an in vitro study. Materials and 
Methods: An experimental in vitro study was designed consisting in 
the entrapment of SDF (Cariestop® 12% and 30%) into a 
commercially available fissure sealant (Fissurit®), by 
photopolymerization and photocrosslinking. The same sealant, 
without SDF was used as a negative control. The effect of the 
sealants on the growth of S. mutans was determined by the presence 
of bacterial inhibitory halos in the cultures at the end of the 
incubation period. In order to confirm the absence of bacteria in the 
surface of the materials, Scanning Electron Microscopy (SEM) 
characterization was performed. Also, to analyze the release profile 
of SDF along time, spectrophotometry technique was applied. 
Results: The obtained results indicate that the association of SDF to a 
resin-based fissure sealant may be able to increase the inhibition of S. 
mutans growth. However, no SDF release was noticed during the in 
vitro release studies and no statistical significant difference was 
verified when comparing the inhibitory halo sizes obtained for test 
and control group.  Conclusions: In this study, the entrapment of SDF 
in the resin-based fissure sealant did not potentiate the antibacterial 
effect of the fissure sealant or avoid the immediate development of 
dental caries. The development of more laboratorial research and, 
afterwards, long-term clinical data are necessary in order to verify if 
this association between these biomaterials is effective and can be 
considered for being used in oral health management. Also, other 
methodologies for associating cariostatic agents and sealant should be 
addressed. 
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I. INTRODUCTION 
HE development of dental caries is a highly prevalent oral 
disease worldwide [1]. This susceptibility is related with 
the physical size and individual morphology of pits and 
fissures of the tooth surface, where microorganisms can 
cohabit, causing more difficulties of the oral hyigiene  
procedures of these areas, allowing greater amount of dental 
plaque retention [2]. This is considered as being an important 
risk factor because the accumulation of bacterial biofilms is 
responsible for oral disease development, such as dental caries 
and periodontitis [3]. Fissure sealant application in pits and 
fissures of the occlusal surface of the tooth permits the 
creation of a physical barrier for the bacterial biofilm 
accumulation in these specific anatomical areas of the tooth 
[4], [5]. Fissure sealants application in high susceptible tooth 
decay areas is one of the primary preventive measures to 
minimize the risk of dental caries development, reducing its 
incidence in pits and fissures, preventing to carry out more 
invasive dental fillings with silver amalgam or filling resins 
[1], [6], [7]. A study developed by Hiiri et al. evidences the 
superiority fissure sealants over fluoride varnish application as 
a primary prevention method to avoid dental caries 
development. [8]. 
A key problem of fissure sealants is the high risk of 
microleakage development sometime after their application. 
This situation may happen due to chewing forces applied 
during time and also because of polymerization shrinkage of 
resin-based fissure sealants that might facilitate the formation 
of gaps between the material and the tooth surface, providing 
space for bacterial invasion and proliferation [9]. This 
microleakage may lead to dental plaque accumulation, which 
in contact with enamel, can turn into a carious lesion [10].   
The reassessment of fissure sealants should be made each 
six months in order to avoid the development of dental caries 
in teeth that have microleakage on the fissure sealant applied. 
This reassessment is especially important in particular cases of 
patients with high risk of developing dental caries and 
insufficient oral health behaviors [11]. 
It would be important to have a fissure sealant which offers 
a genuinely antimicrobial and antibiofilm efficacy that would 
be a considerable clinical benefit. Such a material could 
reduce recurrent decay providing an antibacterial seal, 
protecting the enamel surface of the tooth [12]. 
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Various attempts have been made in order to reduce plaque 
accumulation on the surface of restorative and preventive 
materials by the incorporation of bacterial agents [3].  A study 
developed by Li et al. demonstrated that the incorporation of 
an antibacterial agent (DMAE-CB) may influence the 
antibacterial effect and properties [9].  In this study, it was 
found that the combination of an antibacterial agent in fissure 
sealants did not affect its main properties and also does not 
increase the risk of microleakage. Various studies have 
demonstrated the antibacterial beneficial combination between 
a bactericidal and / or bacteriostatic agent and an adhesive 
system, and other dental biomaterials, with a reduces risk of 
affecting its chemical and physcial properties [13]. 
Another proven to be efficient primary prevention method 
consists in the application of fluoride on the enamel surface of 
the teeth. Fluoride is well known to reduce dental caries by 
reducing the solubility and enhancing remineralization of 
dental enamel by the incorporation of available fluoride into 
the tooth hard tissue structure during the presence of the 
organic acids [14].  Studies showed that the incorporation of 
fluoride components in biomaterials may increase their 
antibacterial effect. [8,15-18]. However, there is still some 
debate among researchers about whether a sealant containing 
fluoride actually prevents dental caries more effectively than 
does a sealant without fluoride [9]. 
The association of an antibacterial agent with certain dental 
biomaterials may increase the inhibitory effect on the growth 
of bacterial strains, in this case, of S. mutans [9,13,19,20].  
Nowadays, nanotechnology has become a key research field 
that has brought beneficial applications in medicine and 
healthcare. One of the most advanced methods applied in 
healthcare consists in the development of releasing controlled 
systems of silver particles, which increases the therapeutical 
antibacterial effect of silver ion particles [21,22]. Silver is a 
natural antibacterial agent and has properties that permits its 
use in medicine, namely the fact of being non-toxic for the 
human cells, long-term bactericide effect and stability at high 
temperatures and low volatility [22]. 
Silver has been used in various situations like water 
purification, wound treatments, bone prothesis, surgical 
orthopedic reconstruction, development of heart functioning 
devices and even has been incorporated in textile made for 
hospital clothing in order to decrease the risk of nosocomial 
infections [23,24]. 
Some studies demonstrate the possible association of silver 
ion particles with filled resins applied in dental medicine 
which increases the antibacterial effect and assures a better 
protection against the development of recidivating dental 
caries [25]. 
We can also find a biomaterial that associates the advantages 
of sodium fluoride and silver nitrate: SDF. This is a 
biomaterial with proven anti-cariostatic properties that can 
stop the development of dental caries in the hard tissue of the 
tooth with a mechanism that consists in the self-stimulation of 
the calcified and sclerotic dentin formed by the silver ion [19, 
26-28].  
Other studies show that the synergism established between the 
fluoride and the silver increases the enamel resistance against 
the organic acids produced in the oral cavity and that is 
responsible for the dental tissue demineralization, which gives 
this biomaterial the possibility of becoming an important 
primary prevention method for deciduous and permanent teeth 
in the future [21,29]. SDF has also been shown to inhibit 
bacterial growth, mainly against cariogenic strains of S. 
mutans [30]. 
In the present study, SDF was incorporated by physical 
entrapment in a resin-based fissure sealant. The prepared 
system was afterwards analyzed by assessing its inhibitory 
effect on the growth of S. mutans strain. 
II. MATERIALS AND METHODS 
The purpose of this work was to assess the efficiency of 
incorporating SDF in a selected resin-based fissure sealant. S. 
mutans was used as model bacteria, since it is considered to be 
the primary responsible for the initiation of dental caries as 
well as for the progression of an established lesion [3]. 
This study was developed in three different stages: 
Stage 1: Samples with SDF were prepared. Two commercially 
available SDF solutions with different concentrations were 
used: 12% (Cariestop 12%) and 30% (Cariestop 30%). 
Samples were prepared by adding the same concentration of 
cariostatic to the sealant (10%), meaning that the only variable 
was the initial SDF solution concentration. Once prepared, the 
mixtures were photopolymerized under UV irradiation for 30s. 
Samples without incorporation of SDF were prepared directly 
from the sealant to be further used as a negative control. At the 
end of this phase, three groups of samples were obtained: resin 
fissure sealant (sample A); resin fissure sealant with SDF 12% 
solution (Sample B) and resin fissure sealant with SDF 30% 
solution (Sample C). 
Stage 2: Assessment of the inhibitory effect on the bacterial 
strain S. mutans growth in the presence of the samples 
prepared during stage 1. The bacteria were cultured in Brain 
Heart Infusion broth, at 37ºC, anaerobically, for 24 hours. S. 
mutans (1.0 x10
8 
colony-forming units (CFU/mL) was 
inoculated in an agar plate with the different materials. After 
24 hours, the inhibitory halos were analyzed and measured, as 
previously described in literature [31]. Furthermore, in order 
to confirm the absence of bacteria at the surface of the 
materials, SEM analysis was also performed [32].  
Stage 3: Analysis of the release profile of SDF from samples 
was performed by spectrophotometric technique. In a first 
approach, a scanning of the SDF solutions was performed in 
the range of 200 to 500 nm of the electromagnetic spectrum. 
The wavelength in which the maximum absorbance value was 
registered and established as the one to be used during 
samples analyses. Afterwards, 0.5g of each sample were 
individually immersed in distilled water and placed in an oven 
at 37ºC. At predetermined times, the samples were removed 
from the oven and the absorbance of the incubation medium 
was measured at previously established wavelength.  
III. RESULTS 
The obtained results demonstrate that the materials have 
inhibited the bacterial growth after 24 hours. The 
determination of the inhibitory halos surrounding the samples 
was assessed. In the sample containing the resin-based fissure 
sealant with 12 % SDF solution (sample B) the inhibitory halo 
 
 
had a diameter of 1.06 cm while the sample containing the 
resin-based fissure sealant with 30 % SDF solution (sample C) 
had a 0.89 cm inhibitory halo (Fig 1). Therefore, no 
statistically significant differences were found between the 
inhibitory halos obtained for samples B and C. 
 
 
Fig. 1 - Evaluation of the inhibitory effect of SDF on S. mutans: A) 
Resin-based fissure sealant without SDF incorporated (control); B) 
Resin-based fissure sealant with 12 % SDF solution and C) Resin-
based fissure sealant with 30 % SDF solution. 
 
Moreover, SEM images of the surfaces of the materials were 
also acquired in order to fully characterize bacterial growth on 
the materials surface (Fig. 2). As it can be seen, no bacterial 
growth was noticed on the surfaces of the materials. The 
authors found that the cured sealant containing SDF had an 
inhibitory effect on the growth of S. mutans. Although, the 
control sample (sample A) did not show any detectable growth 
of the tested bacteria. Further studies have to be done in order 
to check the antibacterial activity of the produced materials.  
Release of SDF from the samples produced during stage 1 was 
studied by using a spectrophotometric approach. For that 
purpose, a scan in the range between 200 and 500 nm of the 
electromagnetic spectrum was performed in order to determine 
the correct wavelength to be used during further analyses. The 
obtained values of absorbance indicated that maximum 
absorbance occurred at 300 nm. 
As previously described, 0.5 g of each sample were incubated 
in distilled water at 37ºC in order to evaluate the delivery of 
SDF from the polymeric matrix. The analyses were performed 
by measuring the incubation medium’s absorbance at 300 nm. 
However, the obtained results indicated that no measurable 
amount of the drug was released. Such may be attributed to 
the highly rigid structure of the photopolymerized sealant 
which is crosslinked by UV radiation.  
 
 
Fig 2 - SEM images of the surfaces of the materials in the presence of 
S. mutans (S. mutans samples A, B and C) and in the absence of it 
(control samples A, B and C) after 24 hour for the resin fissure 
sealant (sample A); resin fissure sealant with SDF 12% solution 
(Sample B) and SDF with SDF 30% solution (Sample C). 
 
IV. DISCUSSION 
Providing dental materials with antibacterial properties has 
been attempted to prevent the formation and development of 
dental caries [9]. New biomaterials with optimized 
antibacterial properties are crucial for their future application 
in communities where oral health behaviors are not well 
implemented, in order to avoid the increase of oral disease 
development.  
It is essential to understand that the research described in this 
paper, reports preliminary results of an initial phase of 
biomaterial development that needs to be complemented in a 
near future. The results obtained in the present study do not 
demonstrate significant differences in the inhibitory effect of 
S. mutans growth between the control sample and the samples 
with SDF incorporated into the fissure sealant. Also, the SDF 
release profile from the fissure sealant could not be 
determined through the spectrophotometric method. However, 
forthcoming studies will allow the authors to optimize 
entrapment methodology as well as quantification techniques. 
As an example, HPLC may be used to quantify SDF release 
allowing detection of lower amounts of the drug. 
Moreover, the antibacterial activity determination of the resin-
based fissure sealant and SDF was made only with the 
bacterial strain S. mutans, since in literature it is described that 
S. mutans can be easily isolated from dental plaque samples 
and are considered as being the main bacterial strain involved 
in the initiation of dental caries [26,33]. Further bacterial 
strains can be tested in the near future to characterize 
antimicrobial effect on samples. 
Clinical studies have shown that the topical application of 
 
 
SDF is effective in arresting enamel and dentin caries and 
inhibiting cariogenic biofilm formation [26]. Therefore, the 
main goal of this study was to provide information concerning 
the potential clinical performance of the sealant with 
antibacterial activity, when SDF was added to its production 
[9,13,19,20].  
The methodology applied presents considerable limitations 
mainly related with the reproductibility of the physiological 
and biological conditions of oral cavity. Due to these 
limitations, the results obtained during in vitro studies cannot 
be extrapolated to an in vivo clinical pattern due to the fact of 
not being able to reflect the effect of the biomaterial when 
applied in clinical situations. However, more laboratorial tests 
have to be done for a complete characterization of the 
materials performed.  
Another point that has to be taken into account as a 
disadvantage of the use of SDF to arrest caries, is that the 
lesions will be stained black. It has been suggested that when 
carious dentin is treated with SDF, silver phosphate is formed 
and precipitated [30,34].  
However, previous studies have demonstrated that SDF 
application is effective for dental caries arrest, as an 
alternative for more complex restorative treatments and do not 
cause adverse effects [3,28].  
In addition, it was also described that the incorporation of the 
SDF in the crosslinked structure of the fissure sealant permits 
the presence of a high concentration of silver and fluoride 
ions, which can inhibit the growth of different cariogenic 
bacteria that are responsible for biofilm formation [34,35]. 
However, and also due to the highly complex crosslinked 
structure of the cured fissure sealant, the release of SDF is 
precluded.  
Another issue that has to be taken into account in future 
studies are the systemic symptoms (argyria) that can occur 
after topical use of silver. In some cases, silver also produces a 
localized discoloration of various tissues [3].  
V. CONCLUSIONS 
In this study, the entrapment of SDF in the resin-based fissure 
sealant did not show to be an effective method to potentiate 
the antibacterial effect of the fissure sealant, and also avoid the 
development of dental caries. Further laboratorial research 
and, afterwards, long-term clinical data is necessary in order to 
verify if SDF impregnation in fissure sealants is effective and 
can be considered advantageous in the field of oral health 
management. Further research may allow the identification of 
other dental biomaterials that can prevent and reduce the risk 
of dental caries development and protect the tooth from 
bacterial infections. 
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